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$KHXULVWLFDSSURDFKIRUPHPEUDQHVHOHFWLRQLQRUJDQLFVROYHQWQDQRILOWUDWLRQ
6=HLGOHU8.lW]HO3.UHLV
0HUFN.*D$*HUPDQ\78'RUWPXQG8QLYHUVLW\*HUPDQ\(YRQLN,QGXVWULHV$**HUPDQ\
,QWURGXFWLRQ
$VD UHVXOWRI WKHGHYHORSPHQWRIVROYHQW UHVLVWDQWPHPEUDQHVGXULQJ WKH ODVW \HDUVRUJDQLF
VROYHQW QDQRILOWUDWLRQ 261 LV PHDQZKLOH HVWDEOLVKHG DV D WHFKQLFDOO\ SURYHQ VHSDUDWLRQ
PHWKRG261FDSWLYDWHVE\LWVORZHUHQHUJ\UHTXLUHPHQWVFRPSDUHGWRWKHUPDOVHSDUDWLRQVDQG
UHGXFHGSURFHVV WLPH+HQFH LW LVD YHUVDWLOH WRRO IRUSURFHVV LQWHQVLILFDWLRQ LQ FRQFHQWUDWLRQ
VHSDUDWLRQ DQG SXULILFDWLRQ RI FRPSRXQGV ,Q SDUWLFXODU 261 LV YHU\ LQWHUHVWLQJ IRU WKH
SURGXFWLRQRIVSHFLDOW\FKHPLFDOVGXHWRLWVPLOGRSHUDWLRQFRQGLWLRQV$OWKRXJKVRPHZRUNKDV
EHHQ GRQH LQ WKH ODVW \HDUV WKH WUDQVSRUW PHFKDQLVP LQ 261 KDV QRW \HW EHHQ FODULILHG $
PDWKHPDWLFDO GHVFULSWLRQ RI WKH VHSDUDWLRQ EHKDYLRU RI261PHPEUDQHV LV KDPSHUHGE\ WKH
FRPSOH[ LQWHUDFWLRQV EHWZHHQ VROYHQW VROXWH DQG PHPEUDQH ,Q FRPSDULVRQ WR DTXHRXV
QDQRILOWUDWLRQZKHUHWKHWUDQVSRUWPHFKDQLVPLVNQRZQWRDZLGHH[WHQWWKHYDULDEOHVROYHQWV
EULQJ LQ D PXOWLSOLFLW\ RI IDFWRUV LQIOXHQFLQJ WKH WUDQVSRUW RYHU WKH PHPEUDQH 7KHUHIRUH D
SUHGLFWLRQRIWKHH[SHFWHGUHMHFWLRQIRUJLYHQVROYHQWVROXWHV\VWHPZLWKGLIIHUHQWPHPEUDQHVLV
DWWKHPRPHQWQRWSRVVLEOH
7KHPROHFXODUZHLJKW FXWRII 0:&2 LVPRVWO\ WKH RQO\ LQIRUPDWLRQ JLYHQ E\ WKHPHPEUDQH
PDQXIDFWXUHUVWRVHOHFWDPHPEUDQH+RZHYHUWKLVYDOXHLVGHWHUPLQHGLQGLIIHUHQWZD\VE\WKH
GLIIHUHQWPDQXIDFWXUHUVHJGLIIHUHQWVROXWHVDUHXVHGXVXDOO\PHDVXUHG LQRQO\RQHVROYHQW
DQGGHSHQGVODUJHO\RQWKLVVSHFLILFVROYHQW>@+HQFHLWLVRQO\XVHIXOIRUWKHFRPSDULVRQRI
PHPEUDQHVRIH[DFWO\WKHVDPHPDWHULDODQGLWLVUDWKHUGLIILFXOWWRLGHQWLI\DVXLWDEOHPHPEUDQH
IRUDJLYHQVHSDUDWLRQSUREOHP
&XUUHQWO\ WLPHFRQVXPLQJ VFUHHQLQJ H[SHULPHQWV KDYH WR EH FDUULHG RXW WR LGHQWLI\ WKH EHVW
PHPEUDQHIRUDJLYHQVHSDUDWLRQSUREOHP7KLVSURFHGXUHLVWROHUDEOHIRUPHPEUDQHVHOHFWLRQ
IRU KLJK WRQQDJH SURGXFWV LQ FRQWLQXRXV SURFHVVHV +RZHYHUPHPEUDQH VFUHHQLQJV DUH QRW
IHDVLEOH DQG XQHFRQRPLF IRU DQ DSSOLFDWLRQ RI 261 LQ D PXOWLSXUSRVH SURGXFWLRQ $ PXOWL
SXUSRVHSURGXFWLRQ LVFKDUDFWHUL]HGE\D ODUJHSURGXFWYDULHW\ZLWKVPDOO WRQQDJHVDQGUDWKHU
VKRUW SURGXFW OLIHF\FOHV 7KLV UHTXLUHV WKH DSSOLFDELOLW\ RI WKH WHFKQRORJ\ WR PDQ\ GLIIHUHQW
SURGXFWVROXWLRQV$VWKHHIIRUWRIPHPEUDQHVFUHHQLQJVIRUHYHU\SURGXFWVROXWLRQZRXOGHDVLO\
H[FHHGWKHEHQHILWVRI261DQRWKHUZD\IRUSURFHVVGHYHORSPHQWKDVWREHIRXQG
7KH JRDO RI WKLV ZRUN LV WR GHYHORS D KHXULVWLF WR VHOHFW DGHTXDWH PHPEUDQHV DQG WR HDVH
SURFHVVGHYHORSPHQW7KHUHIRUH OHVVH[SHULPHQWVZRXOGEH QHHGHG WRJHQHUDWHXVHIXO261
DSSOLFDWLRQVLQVSHFLDOW\FKHPLFDOVSURGXFWLRQ

0HWKRGV
)RUPHUH[SHULPHQWVVKRZHGWKDWWKHSHUIRUPDQFHRI261IRUWKHVHSDUDWLRQRIFHUWDLQFODVVHV
RIVSHFLDOW\FKHPLFDOVGLIIHUVODUJHO\IURPWKHJLYHQ0:&2HYHQZKHQXVLQJWKHVDPHVROYHQW
%DVHGRQ WKLVREVHUYDWLRQD V\VWHPDWLFDO H[SHULPHQWDO VWXG\RQ WKHVHSDUDWLRQEHKDYLRURI D
W\SLFDO VSHFLDOW\ FKHPLFDO FODVV SURGXFHG DW 0HUFN .*D$ 'DUPVWDGW *HUPDQ\ ZDV
FRQGXFWHG)RU WKHSXUSRVHRI LQYHVWLJDWLQJ WKH LQWHUDFWLRQVEHWZHHQPHPEUDQH VROYHQWDQG
VROXWHDQGGHWHUPLQLQJSDUDPHWHUVZKLFKDUHDEOH WRGHVFULEH WKHVH LQWHUDFWLRQVZHVHOHFWHG
 VXEVWDQFHV RXW RI WKLV PDWHULDO FODVV 7KH\ KDYH WKH DGYDQWDJH RI GLIIHUHQW PROHFXODU
ZHLJKWVDQGGLYHUVHIXQFWLRQDOJURXSVOLNHIOXRULQDWLRQSRODUHQGJURXSVDQGGLIIHUHQWVLGHFKDLQ
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OHQJWKV E\ NHHSLQJ DQ XQFKDQJHG FRUH VWUXFWXUH 7KHUHIRUH LW ZDV SRVVLEOH WR GLUHFWO\
GHWHUPLQHWKHLQIOXHQFHRIIXQFWLRQDOJURXSVRQ261VHSDUDWLRQ
7R LQYHVWLJDWH WKH LPSDFW RI WKH PHPEUDQH PDWHULDO RQ WKH LQWHUDFWLRQV ZH PHDVXUHG WKH
UHMHFWLRQV ZLWK PHPEUDQHV RI WKH PRVW FRPPRQ 261 PHPEUDQH PDWHULDOV FURVVOLQNHG
SRO\LPLGH K\GURSKLOLF DQG SRO\GLPHWK\OVLOR[DQH K\GURSKRELF DQG RI GLIIHUHQW PROHFXODU
ZHLJKW FXWRIIV ,Q RUGHU WR DGHTXDWHO\ FRYHU WKH ZLGH UDQJH RI VROYHQWV ZH FKRVH HWKDQRO
SRODU7+)DSURWLFDQGQKHSWDQHQRQSRODUZKLFKUHSUHVHQWWKHPRVWFRPPRQVROYHQWVLQ
WKHSURGXFWLRQRIWKRVHVSHFLDOW\FKHPLFDOV

5HVXOWV
7KHKLJKHVWLPSDFWRQWKHUHMHFWLRQFDQEHDWWULEXWHGWRWKHLQWHUDFWLRQVEHWZHHQWKHPHPEUDQH
DQGWKHVROYHQW7KLVLPSDFWFDQEHH[SODLQHGE\WKHFRPSDULVRQRIWKHVROXELOLW\SDUDPHWHUVRI
PHPEUDQH VROYHQW DQG VROXWH 7KH VROXELOLW\ SDUDPHWHU LV D QXPHULFDO YDOXH LQGLFDWLQJ WKH
UHODWLYHVROYHQF\EHKDYLRURIDPDWHULDO:HFRPSXWHGWKHVROXELOLW\SDUDPHWHUVRI WKHVROXWHV
E\WKHJURXSFRQWULEXWLRQPHWKRGRI)HGRUV>@8QGHUWKHDVVXPSWLRQWKDWDVPDOOHUGLIIHUHQFH
EHWZHHQ WKH VROXELOLW\ SDUDPHWHUV LQGLFDWHV D KLJKHU DIILQLW\ EHWZHHQ WZR VXEVWDQFHV DQG
KHQFHDEHWWHUWUDQVSRUWWKURXJKWKHPHPEUDQHWKHUHODWLRQRIWKHVROXELOLW\SDUDPHWHURIWKH
VROYHQW DQG WKHVROXWH WR WKDW RI WKHPHPEUDQHH[SODLQ WKH UDQJHRI UHMHFWLRQ LQ WKHGLIIHUHQW
VROYHQWV
+RZHYHUDGGLWLRQDOO\WKHLQIOXHQFHRIIXQFWLRQDOJURXSVKDVWREHWDNHQLQWRDFFRXQW)LJXUH
LOOXVWUDWHV WKH GLIIHUHQFHV LQ UHMHFWLRQ ZKHQ FKDQJLQJ D QRQ SRODU HQGJURXS 5 WR D SRODU
HQGJURXS;

)LJXUH  UHMHFWLRQV RI WZR VXEVWDQFHV ZKLFK GLIIHU RQO\ LQ WKHLU HQGJURXS 5 QRQ SRODU;
SRODU LQ 7+) QKHSWDQH DQG HWKDQRO PHDVXUHG ZLWK D SRO\LPLGH 3, DQG D SRO\GL
PHWK\OVLOR[DQH3'06PHPEUDQH

,QSDUWLFXODU IXQFWLRQDOJURXSVZLWKDQ LPSDFWRQ WKHSRODULW\RIDVROXWH OLNHSRODUHQGJURXSV
DQGDON\OVLGHFKDLQVRIGLIIHULQJOHQJWKVVKRZHGDVLJQLILFDQWHIIHFWRQWKHUHMHFWLRQ
:HGHYHORSHGDKHXULVWLFWKDWLQFRUSRUDWHVWKHVHSDUDPHWHUVDQGWKXVDOORZVIRUDQHVWLPDWLRQ
RI WKH UHMHFWLRQ EHKDYLRU DQG IRU WKH VHOHFWLRQ RI WKH EHVW DYDLODEOH PHPEUDQH IRU D JLYHQ
VHSDUDWLRQSUREOHP
$GGLWLRQDOO\ZHPHDVXUHGWKHUHMHFWLRQVRIW\SLFDOPDUNHUVLQ261WRLQWHJUDWHWKHVHUHVXOWVLQ
RXUKHXULVWLFDQG WREHDEOH WR WUDQVIHU WKHJLYHQVSHFLILFDWLRQVRIDPHPEUDQHWRRXUSURGXFW
V\VWHPV

'LVFXVVLRQ
$FRPSUHKHQVLYHLQYHVWLJDWLRQRIWKHVHSDUDWLRQEHKDYLRURIPROHFXOHVLQ261VHSDUDWLRQLQ
WKUHHGLIIHUHQWVROYHQWVZLWKWZRPHPEUDQHPDWHULDOVKDVEHHQFRQGXFWHG
:HZHUHDEOHWRLGHQWLI\SDUDPHWHUVRIWKHPHPEUDQHWKHVROYHQWDQGWKHVROXWHWKDWDUHHDVLO\
DFFHVVLEOH DQGZKRVH LQWHUSOD\ LQ WKH WUDQVSRUWPHFKDQLVP LV WKHUPRG\QDPLFDOO\ VRXQG7KH
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VROXELOLW\SDUDPHWHURI WKHPHPEUDQH WKHVROYHQWDQG WKHVROXWHVHHPV WREHDYHUVDWLOHDQG
HDVLO\ DFFHVVLEOH WRRO WR SUHGLFW WKH VHSDUDWLRQ EHKDYLRU IRU 261 PHPEUDQHV 7DNLQJ WKH
VROXELOLW\ SDUDPHWHUV RI PHPEUDQH VROYHQW DQG VROXWH LQWR FRQVLGHUDWLRQ ZLWK UHJDUG WR WKH
PROHFXODUZHLJKWDQGWKHIXQFWLRQDOJURXSVRIWKHVROXWHLWZDVSRVVLEOHWRGHYHORSDKHXULVWLF
WR LGHQWLI\ WKH EHVW PHPEUDQH IRU D JLYHQ VHSDUDWLRQ SUREOHP DQG WR DFFHOHUDWH SURFHVV
GHYHORSPHQWLQ261

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